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OCCLUSION-RESISTANT CATHETER 

TECHNICAL FIELD 

This invention relates generally to perfusion catheters 
and, more speci?cally, to a catheter that is resistant to 
occlusion of its sideWall openings. 

BACKGROUND OF THE INVENTION 

Perfusion catheters used for introducing or removing 
?uids from a body lumen are Well knoWn in the art. Such 
catheters may be used in drug therapy, such as chemo 
therapy, Where the ?uid to be introduced is a pharmaceutical 
agent. Perfusion catheters have also been used to alloW for 
bypassing occlusions in blood vessels. For example, during 
angioplasty, plaque may become partially or completely 
dislodged and may form a restriction that at least partially 
occludes an arterial passage. A perfusion catheter may be 
positioned in the occluded blood vessel across the restric 
tion, such as is described in US. Pat. No. 4,661,094, 
incorporated herein by reference, to alloW blood to ?oW into 
the catheter through a ?rst opening upstream of the restric 
tion and ?oW out through a second opening doWnstream of 
the restriction. As described in the ’094 patent, the openings 
may be distributed in a helical pattern in the sideWalls of the 
catheter. 

During the intake of ?uids, hoWever, the sideWall hole 
orientation may have certain disadvantages. For example, 
the holes may contact and seal against the Walls of the duct 
or vessel in Which the catheter resides, thereby blocking the 
holes and minimizing ?oW. One typical use for perfusion 
catheters for ?uid intake is in extracorporeal blood puri? 
cation procedures, such as hemodialysis. Modern proce 
dures favor the use of dual-lumen catheters such as those 
described in US. Pat. No. 4,134,402, incorporated herein by 
reference, or other multi-lumen catheters, such as those 
described in US. Pat. No. 4,995,865, incorporated herein by 
reference. In a standard dialysis procedure using a dual- or 
multi-lumen catheter, blood is WithdraWn from a blood 
vessel in a patient through one or more lumens of the 
multi-lumen catheter and supplied to a hemodialysis unit 
that puri?es the blood. The puri?ed blood is then returned to 
the patient through another lumen of the catheter. 

The ’865 patent describes multi-lumen catheters having 
side openings located on “spiral pathWays.” The ranges of 
these spiral pathWays, hoWever, are limited to the portions of 
spirals contained Within tWo pie-shaped intake lumens that 
each comprise only a 900 quadrant of the circular lumen. 
Thus, if there is a tendency for one circumferential portion 
of the catheter to be blocked and that portion happens to fall 
Within one or both of the quadrants comprising the tWo 
intake lumens, the spiral con?guration is insu?icient to keep 
the ?oW into the openings from becoming occluded. Occlu 
sion of intake holes may reduce the intake ?oW signi?cantly 
enough to lengthen the amount of time a patient may have 
to undergo the hemodialysis procedure, causing unnecessary 
discomfort for the patient, and causing ine?icient use of 
resources for the dialysis provider. 

Therefore, there is still a need in the art for a catheter 
structure that resists occlusion of openings in the sideWall. 

SUMMARY OF THE INVENTION 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary, but not restrictive, of the invention. 
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2 
One aspect of the invention is a catheter comprising an 

elongated tube having an interior de?ned by a sideWall 
having a plurality of openings in the sideWall. At least a 
portion of the catheter is spirally formed into a corkscreW 
pattern to de?ne a corkscreW-pattemed portion. One or more 
of the openings is coincident With the corkscreW-pattemed 
portion. The corkscreW pattern comprises an outer diameter 
and an inner diameter, and the plurality of openings faces the 
inner diameter in one embodiment. In another embodiment, 
the catheter may comprise a septum that divides the interior 
into at least a ?rst lumen and a second lumen. The ?rst 
lumen and the second lumen may form a double helix in a 
portion of the catheter coincident With the plurality of 
openings or along the entire length of the catheter. The 
septum may divide the interior into more than tWo lumens 
that form a multiple helix, and the multiple lumens may 
form a multiple helix along the portion of the catheter 
coincident With the plurality of openings or along the entire 
length of the catheter. 

According to another aspect of the invention, a catheter 
comprises an elongated tube having an interior de?ned by a 
sideWall having a plurality of openings, and a septum that 
divides the interior into at least a ?rst lumen and a second 
lumen, Wherein the ?rst lumen and the second lumen form 
a double helix at least in a portion of the catheter coincident 
With the plurality of openings. In one embodiment, the 
double helix may run along the entire length of the catheter. 
In another embodiment, the septum may divide the interior 
into more than tWo lumens that form a multiple helix in a 
portion of the catheter adjacent the plurality of openings or 
along the entire length of the catheter. 

Other aspects of the invention comprise methods for 
making catheters. One method comprises forming the multi 
lumen catheter body; molding the catheter tip into the 
multi-helix, the corkscreW pattern, or both; and attaching the 
catheter body to the catheter tip. Another method comprises 
forming the multi-lumen catheter; heating at least the cath 
eter tip of the multi-lumen catheter to a su?icient tempera 
ture at Which the catheter tip can be deformed; deforming the 
catheter tip into the multi-helix, the corkscreW pattern, or 
both; and cooling the catheter tip. For a catheter of this 
invention With the tWisting septum dividing an interior of the 
catheter into multiple lumens in a multi-helix, one method 
comprises extruding the catheter using an extrusion tooling 
insert that rotates to form the tWisting septum. Another 
method comprises extruding the catheter and septum With 
out a tWist in the septum and then tWisting the catheter as it 
exits the extruder. 

Yet another aspect of the invention is a method for 
providing hemodialysis comprising the steps of introducing 
a multi-lumen catheter of this invention into a body lumen, 
taking in blood through the plurality of openings into a ?rst 
catheter lumen; cleansing the blood by hemodialysis; and 
returning the blood through the second catheter lumen into 
the body lumen. The tWisting septum, corkscreW pattern, or 
combination thereof in the multi-lumen catheter minimiZes 
occlusion of the openings by the body lumen Wall. Speci? 
cally, the method may comprise deploying the catheter With 
its distal end in or adjacent to the right atrium of the patient’ s 
heart. Where the catheter embodiment comprises a catheter 
tip With a corkscreW pattern and the second lumen extending 
distally further than a distal end of the ?rst lumen and 
pointed in a direction toWard the right atrium, the method 
may comprise returning the blood to the body lumen in a 
stream directed toWard the right atrium. 

Still another aspect of the invention comprises a catheter 
for deployment in a lumen having a Wall, the catheter 
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comprising an elongated tube comprising a catheter tip, one 
or more openings in the catheter tip, and a deformation in the 
catheter tip for preventing the one or more openings from 
contacting the lumen Wall. In one embodiment, the defor 
mation may be a corkscrew pattern, While in another 
embodiment the deformation may be an inwardly spiraling 
portion. The inWardly spiraling portion typically comprises 
an inner periphery that de?nes an open area, With sideWall 
openings facing into the open area and/or a distal end 
opening positioned Within the open area. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention is best understood from the folloWing 
detailed description When read in connection With the 
accompanying draWing, in Which: 

FIG. 1A shoWs a perspective vieW of an exemplary 
double-lumen catheter of the present invention in partial 
cross-section; 

FIG. 1B shoWs a cross-sectional illustration of the cath 
eter of FIG. 1A taken across line 1B-1B; 

FIG. 2A shoWs a perspective vieW of an exemplary double 
lumen catheter having a corkscreW pattern With a relatively 
Wide pitch; 

FIG. 2B shoWs a perspective vieW of an exemplary double 
lumen catheter having a corkscreW pattern With a relatively 
narroW pitch; 

FIG. 3A shoWs an end vieW of the corkscreW pattern of 
FIG. 2A; 

FIG. 3B shoWs an end vieW of an exemplary single lumen 
composite catheter comprising a corkscreW pattern; 

FIG. 4A shoWs a perspective vieW of an exemplary 
multi-lumen catheter of the present invention in partial 
cross-section; 

FIG. 4B shoWs a cross-sectional illustration of the cath 
eter of FIG. 4A taken across line 4B-4B; and 

FIG. 5 shoWs an exemplary catheter embodiment having 
sideWall openings With an angled orientation; 

FIG. 6A shoWs an exemplary catheter embodiment having 
an inWardly spiraling portion at its distal end; and 

FIG. 6B shoWs an end vieW of the catheter embodiment 
of 6A along With tWo other exemplary catheter embodi 
ments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention Will next be illustrated With reference to the 
?gures Wherein the same numbers indicate similar elements 
in all ?gures. Such ?gures are intended to be illustrative 
rather than limiting and are included hereWith to facilitate 
the explanation of the apparatus of the present invention. 

Referring noW to FIGS. 1A-5, there are shoWn several 
embodiments of the invention. As shoWn in FIGS. 1A and 
1B, catheter 10 comprises an elongated tube having an 
interior 12 de?ned by a sideWall 14 having a plurality of 
openings 16 formed in the sideWall, and a septum 18. 
Septum 18 divides interior 12 into a ?rst lumen 20 and a 
second lumen 22. As shoWn by the dashed lines in FIG. 1A, 
the ?rst lumen and second lumen form a double helix about 
one another as septum 18 tWists about the common axis A of 
the catheter, as further illustrated by the cross section of FIG. 
1B. FIG. 1B, a cross-section of catheter 10 taken a prede 
termined distance from the end 24 of the catheter shoWn in 
FIG. 1A, shoWs hoW septum 18, ?rst lumen 20, and second 
lumen 22 are tWisted 90° from their relationship as shoWn in 
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4 
FIG. 1A. Openings 16, Which folloW the path of the corre 
sponding lumen 20 or 22, are therefore also in a helical 
pattern about axis A. 

For a double-lumen catheter as shoWn in FIG. 1A, open 
ings 16 may be aligned (using the central axis of the 
opening) at an angle 0t to the plane formed by septum 18, as 
shoWn in FIG. 1B. Openings may be distributed in a line so 
that angle 0t is 90° for all the openings as shoWn in FIG. 1B. 
In an alternative embodiment, the openings may be placed 
in tWo lines folloWing the path of the lumen, one line at 60° 
and another line at 120°, including a pattern Where the 
openings alternate betWeen the tWo lines along the length of 
the catheter tip. One advantage of the multi-helical con?gu 
ration, hoWever, is that the simple 90° hole orientation may 
be used because the multi-helix prevents occlusion of mul 
tiple holes, so there is no need to offset the holes from one 
another relative to the septum. The catheters of this inven 
tion, hoWever, are not limited to any particular hole pattern 
or distribution. 

The degree of tWist of per unit length of catheter 10 may 
have any value necessary to produce a desired effect. For 
example, for catheters having a diameter of 6-14 french 
(approximately 0.203-0.474 centimeters), a 360° tWist may 
occur every 3-20 centimeters. Catheters of this invention, 
hoWever, are not limited to any particular degree of tWist. 
The tWisted septum 18 and resulting double helix pattern 

of ?rst lumen 20 and second lumen 22 may extend along the 
entire length of the catheter for ease of manufacture, or may 
extend only in a portion of the catheter in Which the 
openings are present. Stated another Way, the ?rst lumen 20 
and the second lumen 22 form the double helix at least in a 
portion of the catheter 10 coincident With (i.e., occupying 
the same space as) the plurality of openings. The tWisting 
relationship of the septum provides each lumen 20 and 22 of 
catheter 10 With an ever-changing relationship With the 
sideWall of a body lumen in Which the catheter is positioned. 
This minimiZes the number of openings 16 actually 
obstructed, even if some openings are obstructed in one 
circumferential portion of the catheter, because the tWisting 
relationship of the lumens provides openings in other cir 
cumferential portions of the catheter that are not obstructed. 

To further minimiZe potential obstruction of the openings, 
at least a distal portion 26 of catheter 10 (or a distal portion 
126 of catheter 110) may be spirally formed into a corkscreW 
pattern de?ning a corkscreW-pattemed portion, as shoWn in 
FIGS. 2A and 2B, respectively. CorkscreW patterned portion 
26 shoWn in FIG. 2A has a relatively Wide pitch, Whereas the 
corkscreW-pattemed portion 126 of catheter 110 has a rela 
tively narroWer pitch. The “pitch” as referred to herein refers 
to the unit length over Which the corkscreW makes a full 
turn, a full turn being visible in an end vieW as completing 
a full circle. Although shoWn in FIGS. 2A and 2B having 
made approximately a single turn, catheters of the present 
invention may comprise a corkscreW pattern that makes less 
than or more than a full turn. 

The end of the catheter of the present invention may 
comprise a design as shoWn in FIGS. 2A and 2B, Where 
lumen 22 extends axially beyond open end 32 of lumen 20 
in an extended end portion 30. Such an extended end portion 
may typically extend beyond lumen 20 by about l-2 cm, and 
generally no more than about 3 cm. Any amount of exten 
sion may be present, hoWever. Such a design is typically 
used in hemodialysis Where lumen 20 is an intake lumen and 
lumen 22 is a discharge lumen, so that the discharge of 
cleansed blood may be directed doWnstream of openings 16 
through extended end portion 30. This axial extension of the 
discharge lumen prevents recirculation of the discharged 
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blood back through the intake openings 16. The extended 
end portion 30 may further be con?gured to direct the 
discharge in a particular location. For example, hemodialy 
sis catheters are typically positioned above in or adjacent to 
the right atrium of the heart so that the discharged, cleansed 
blood may be discharged into the right atrium. 

The catheter of the present invention is not limited to any 
particular end design, hoWever, and accordingly, the end of 
the catheter may comprise an end perpendicular to axis A of 
the catheter Where there is no axial o?‘set betWeen the end of 
lumens 20 and 22. The end may also be cut on a bias relative 
to axis A. Furthermore, the extended end portion 30 shoWn 
in FIGS. 2A and 2B is not limited to catheters With cork 
screW-pattemed portions, but also may be provided at the 
end of catheters having multi-helical tWisted con?gurations 
of this invention, Without a corkscreW-pattemed end. Fur 
thermore, catheters With a corkscrew patterned end portion 
may terminate With the extended end portion 30 of the 
catheter pointed axially as shoWn in FIG. 2A, pointed 
circumferentially (not shoWn), or pointed tangentially as 
shoWn in FIG. 2B. Furthermore, the axially, circumferen 
tially, or tangentially pointed end portion 30 may be pointed 
in any direction desired to direct the discharged ?uid toWard 
a desired location, such as toWard the right atrium, as 
discussed above. 
An end vieW of corkscrew-patterned portion 26, shoWn in 

FIG. 3A, illustrates that a corkscreW pattern inherently 
comprises an outer diameter do and an inner diameter di. In 
one embodiment, the plurality of openings 16 may all face 
aWay from the corkscreW pattern outer diameter so that none 
of the openings are obstructed by contact With the body 
lumen. By “face aWay from the outer diameter” it is meant 
that none of the openings are located on the portion of the 
catheter that de?nes the corkscreW pattern outer diameter do. 
The plurality of openings may be formed in any pattern, 
hoWever, including a helical pattern. 

Although discussed primarily herein With respect to 
multi-lumen catheters, the various embodiments of this 
invention are also applicable to single lumen catheters. 
Referring noW to FIG. 3B, there is shoWn a single lumen 
catheter 300 having a corkscreW pattern, Wherein open end 
302 is positioned centrally inside the space 304 de?ned by 
the corkscreW pattern outer diameter do. By “positioned 
centrally” it means that tube diameter do of open end 302 lies 
completely inside space 304 Without touching outer diam 
eter do. Although shoWn With the central axis I of catheter 
300 coaxial With diameter do, the open end may still be 
considered “positioned centrally” as de?ned herein, even if 
central axis I is not coaxial With diameter do. Thus, outer 
diameter do of the corkscreW pattern serves as a spacer to 
keep the lumen Wall aWay from the open end. 

Other structural deformations in the catheter tip may 
similarly be used for keeping the lumen Wall aWay from the 
open end. For example, as shoWn in FIG. 6A, catheter 600 
may have an inWardly spiraling portion 602 having an inner 
periphery 604 With a diameter do that de?nes open area 606. 
Open end 608 of catheter 600 may be positioned Within the 
open area 606 so that the periphery 604 of inWardly spiraling 
portion 602 serves as the spacer to keep the lumen Wall aWay 
from the open end. Catheter 600 may be a single lumen 
catheter, as shoWn, or a multi-lumen catheter, such as a dual 
lumen catheter. Catheter 600 may also have openings 610 in 
the sideWall. Where such openings are present, the openings 
may be positioned so that they face into open area 606 so as 
not to be obstructed by the lumen Wall. 

Although shoWn in FIG. 6A With the bottom 612 of the 
inWardly spiraling portion curl spaced a distance do, above 
axis I Which runs through straight section 614 of catheter 
600, the bottom of the curl may be parallel to the straight 
section (do:0) or may be spaced beloW the straight section. 

20 

25 

30 

35 

40 

45 

50 

60 

65 

6 
As used herein, the relative terms “bottom, above,” and 
“beloW” relate to the orientation on the page of the illustra 
tion provided as FIG. 6A. In other Words, as shoWn from an 
end vieW in FIG. 6B, an inWardly spiraling portion may 
generally be considered a curl that lies at least partially 
Within plane P2 perpendicular to plane P1 tangential to the 
loWer surface of straight section 614 and parallel With axis 
I, the inWardly spiraling portion curling aWay from plane P1. 
In one embodiment 602, shoWn in FIG. 6A and as the 
leftmost embodiment in FIG. 6B, the curl of the inWardly 
spiraling portion may terminate Without crossing or touching 
the plane P1. In another embodiment 620, the curl of the 
inWardly spiraling portion may come full circle With some 
portion coming to rest on plane P1 parallel to the straight 
portion 614. In yet another embodiment 630, the curl may 
cross plane P1. Although shoWn With a curl of someWhat 
greater than 360 degrees (Wherein a 360 degree curl de?nes 
approximately a full circle), the inWardly spiraling portion 
may also curl less than 360 degrees or more than 360 
degrees. 
As noted above, although not limited to any particular 

catheter diameter, the tube diameter do is typically 6-20 
french (approximately 0.2-0.7 centimeters, more precisely 
0.203-0.677 centimeters). Although not limited to any par 
ticular diameter, the corkscreW pattern outer diameter do 
may be in the range of about l-5 centimeters, With accept 
able values being dependent upon the geometry of the body 
lumen into Which the catheter is to be positioned. 

Although described above With respect to an embodiment 
having both the corkscreW pattern and the ?rst lumen and 
second lumen forming a double helix, each of these features 
may be provided alone. For example, a single lumen catheter 
Without a multi-helical relationship betWeen or among the 
lumens may have an end shaped in a corkscreW pattern. 
Furthermore, the multi-helical tWisting relationship betWeen 
multiple lumens is not limited only to a double lumen 
design, but may be provided in a design With more than tWo 
lumens, as shoWn in FIGS. 4A and 4B. As shoWn in FIGS. 
4A and 4B, catheter 400 has a ?rst D-shaped lumen 420 and 
tWo pie-shaped lumens 422 and 423 that are formed by 
septum 418. Openings 16 in sideWall 14 are provided for 
both lumens 422 and 423. Such a design may or may not 
have a corkscreW-shaped end. 

The plurality of openings 16 may be radially formed in the 
sideWalls as shoWn in FIG. 1A (i.e., having an angle 0t of 90° 
of the central axis of the opening relative to the plane formed 
by the septum 18), or may comprise openings 516 that are 
angled (i.e., other than 90°) relative to axis A, as shoWn in 
FIG. 5. Catheter may be a perfusion catheter, such as a 
dialysis catheter, or any type of catheter knoWn in the art. 
The catheter may be formed of any material knoWn in the art 
for formation of catheters, such as ?exible polymers includ 
ing but not limited to polyvinylchloride (PVC), polyethyl 
ene, polypropylene, polyurethane, nylon, and thermoplastic 
elastomers such as PEBAX® polyether block amide, manu 
factured by Ato?na, metal, such as nitinol or stainless steel, 
or a combination or composite thereof. The catheter may 
comprise a braided architecture, such as formed by braiding 
a plurality of ?bers or ?laments together. The ?laments may 
comprise, for example, metal Wire such as but not limited to 
stainless steel or nitinol, glass ?bers, or carbon ?bers. By 
“composite” it is meant that the catheter may comprise 
layers of different materials, or longitudinal sections of 
different materials. For example, one catheter embodiment 
may comprise a ?rst layer of braided nitinol Wire covered by 
a layer of polyethylene. Another catheter embodiment may 
comprise a relatively stilfer ?rst longitudinal section com 
prising metal abutting With one or more relatively more 
?exible second longitudinal sections comprising a thermo 
plastic elastomer. 
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The catheters of the present invention may be manufac 
tured by any number of methods. One method may be to 
injection mold the end portion of the catheter having the 
double-helix and/or corkscreW shape, and attach the injec 
tion-molded tip to the end of a catheter, such as a standard 
double-lumen catheter. 

Another manufacturing method may be to ?rst form the 
standard catheter, such as a double- or multi-lumen catheter, 
and then remold the end portion to have the desired shape. 
The remolding step may comprise heating the end portion to 
a su?icient temperature above the plastic transition tempera 
ture to alloW deformation of the catheter end into the desired 
con?guration, after Which the remolded portion of the cath 
eter cools in the desired con?guration. A mandrel may be 
used for remolding the catheter. For example, for a double 
lumen catheter, a mandrel that ?ts into one of the tWo lumens 
and having the desired helical relationship may be threaded 
into one of the catheter lumens. A second mandrel may then 
be ?tted into the other of the tWo lumens, if desired, although 
a single mandrel may be suf?cient. While one or more 
mandrels are preferred for producing the multi-helix con 
?guration, a corkscreW con?guration may be created by 
placing the catheter inside an appropriately shaped tube. 

Multi-lumen catheters comprising the multi-helical 
design may also be fabricated during the catheter extrusion 
step. For example, a rotating insert in the extrusion tooling 
may create a catheter having the mutli-helix along its entire 
length. Another method comprises extruding the catheter 
and septum With no tWist and then tWisting the catheter as it 
exits the extruder to create the multi-helix design. Although 
several exemplary manufacturing methods have been pro 
vided herein, the invention is not limited to any particular 
method. 

The catheters of the present invention may be introduced 
into the body by any method knoWn in the art, including by 
percutaneous methods over a guideWire or With an intro 
ducer, and may include introduction through a surgically 
implanted access port. In a method for providing hemodi 
alysis, a multi-lumen catheter of the present invention is ?rst 
introduced into a body lumen. Then, blood from the body 
lumen is draWn through the openings and into the ?rst 
catheter. After the blood is cleansed in a knoWn Way by 
hemodialysis, it is returned through the second catheter 
lumen and into the body lumen. 

Although illustrated and described herein With reference 
to certain speci?c embodiments, the present invention is 
nevertheless not intended to be limited to the details shoWn. 
Rather, various modi?cations may be made in the details 
Within the scope and range of equivalents of the claims and 
Without departing from the spirit of the invention. 
What is claimed: 
1. A catheter having a distal end and a proximal end and 

comprising an elongated tube having an interior de?ned by 
a sideWall and having one or more openings disposed at the 
proximal end and the distal end as Well as a plurality of 
openings in the sideWall, a septum that divides the interior 
into at least a ?rst lumen and a second lumen having a 
distalmost portion, and at least a portion of the catheter 
spirally formed into a corkscreW pattern to de?ne a cork 
screW-pattemed portion having at least tWo lumens, Wherein 
said ?rst lumen extends distally beyond said distalmost 
portion of said second lumen and at least one of said 
openings is coincident With the corkscreW-pattemed portion. 

2. The catheter of claim 1, Wherein the corkscreW pattern 
comprises an outer diameter (do) and the at least one of said 
sideWall openings is positioned facing aWay from the outer 
diameter. 

3. The catheter of claim 1, Wherein the tube has a tube 
diameter (dt) in a range of approximately 0.2-0.7 centime 
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8 
ters, and the corkscreW pattern has an outer diameter (do) in 
a range of approximately 1-5 centimeters. 

4. The catheter of claim 1, Wherein the plurality of 
sideWall openings are distributed in a helical pattern along 
the sideWall. 

5. The catheter of claim 1, Wherein the ?rst lumen and the 
second lumen form a double helix in a portion of the catheter 
coincident With the one or more openings. 

6. The catheter of claim 5, Wherein the openings are 
distributed on the sideWall at an angle of 90° relative to the 
septum. 

7. The catheter of claim 1, Wherein the ?rst lumen and the 
second lumen form a double helix along a portion of the 
catheter. 

8. The catheter of claim 1, Wherein the septum divides the 
interior into more than tWo lumens that form a multiple 
helix. 

9. The catheter of claim 8, Wherein the more than tWo 
lumens form a multiple helix along an entire length of the 
catheter. 

10. The catheter of claim 1, Wherein the corkscreW pattern 
terminates With the catheter pointed in an axial direction. 

11. The catheter of claim 1, Wherein the corkscreW pattern 
terminates With the catheter pointed circumferentially. 

12. The catheter of claim 1, Wherein the corkscreW pattern 
terminates With the catheter pointed tangentially. 

13. The catheter of claim 1, Wherein at least a plurality of 
the one or more openings are radially formed in the sideWall. 

14. The catheter of claim 1, Wherein the catheter has a 
central axis, and at least a plurality of the one or more 
openings are formed in the sideWalls at a non-perpendicular 
angle relative to the central axis. 

15. The catheter of claim 1, Wherein the catheter is a 
perfusion catheter. 

16. The catheter of claim 15, Wherein the catheter is a 
hemodialysis catheter. 

17. The catheter of claim 1, Wherein the catheter com 
prises a ?exible polymer. 

18. The catheter of claim 1, Wherein the catheter com 
prises a thermoplastic elastomer. 

19. The catheter of claim 1, Wherein the catheter com 
prises a material of construction selected from the group 
consisting of: polyvinylchloride, polyethylene, polypropy 
lene, polyurethane, nylon, a polyether block amide, metal, 
carbon ?bers, glass ?bers, a combination thereof, and a 
composite thereof. 

20. The catheter of claim 1, Wherein the catheter com 
prises at least one layer that comprises a braided architec 
ture. 

21. The catheter of claim 1, having at least one open distal 
end and a tube diameter (dt), the corkscreW pattern de?nes 
a space comprising an outer diameter (do) greater than the 
tube diameter, and the open end is positioned centrally 
Within the space. 

22. The catheter of claim 1, Wherein the catheter com 
prises a tunneling catheter. 

23. The catheter of claim 1, Wherein said ?rst lumen 
extends distally further than the distal most part said inner 
parameter of said second lumen by more than about 1 
centimeter. 

24. The catheter of claim 1, Wherein said ?rst lumen 
extends distally further than the distal most part said second 
inner parameter of said second lumen by less than about 3 
centimeters. 


